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ABSTRACT

The first goal of the Santa Rosa Vernal Reserve System (SRVRS, Sonoma
County, California) is to d'evelop management prescriptions for improving the habitat
quality of native plant populations, especially those of conservation interest (Pavilik,
Smith and Miller 1998). This report describes the first installation of experiments for
restoring vernal pools and swales on the Santa Rosa Plain, and includes the following
components: 1) the use of mowing and phytomass removal as ecologically sound and
practical manipulations for shifting plént cover from exotic to native (for dominant
species) and from sparse to abundant (for rare species), 2) a description of the pre-

| treatment vegetation of uplands, pool margins and pool bottoms, and 3) consideration of
the life history characteristics of rare animals associated with these habitats in order to

~ minimize collateral impact of the management regime.

- The first field experiment was instalied during the spring and summer of 1899 to
determine if seasonal mowing and phytomass remdval can improve habitat quality for
native plants ih vernal pool and adjacent grassland habitats. Three SRVRS properties
were chosen; Cramer (174 acres, relatively unaltered pool and swale system, mostly
diverse native vegetation), FEMA (69 acres, hydrologically altered pools and swales,
extensive weed cover), and Haroutunian (30 acres, unaltered swale system, mix of
native and exotic cover), ‘AII are located on Wright clay-loam soils and have supported
multiple Limnanthes vinculans (Sebastopol meadowfoam) subpopulations, a state and
federally-listed endangered plant.

A total of 90 permanent plots were established, marked, sampled and treated.
‘These were large (30 m X 5 m), included 2 habitats (coastal prairie uplands and vernal
pooi/swale margin), and consisted of control, mowed with phytomass removal, and
mowed without phytomass removal (muiched) plots. We will be testing the hypothesis
that the mowing with removal treatment reduces annual grass cover, thus improving

habitat quality in the long-term for native plants, especially those of conservation interest,



The treatment could work by reducing soil nitrogen availability (a disadvantage for exotic
annual grasses), improving soil surface microenvironment (e.g. light, temperature), and
prolonging soil moisture for native species that are more nitrogen-use efficient. We have
also collected baseline phytomass and soil samples in all 90 plots for later analysis.

Vegetation in the upland and pool margin habitats was characterized in all of the
plots prior {o treatment by recording species presence, cover and density (of rare taxa
and a few weeds only) in more than 300 samples using a bipartite quadrat. Samples
were added in pool bottom habitat to compilete description of a topographic transect. The
record provides a baseline description useful for comparing to other sites on the Santa
Rosa Plain and for evaluating subsequent restoration projects.

We found that species richness was greatest in the margin habitat of vernal pools
and swales, deClining slightly towards the uplands and dramatically towards the pool

bottoms. Pool bottoms had 40% fewer taxa than the other two habitats, but a higher
proportion were native (54%) that contributed much more (84%) of the total plant cover.
Pool bottoms also had the highest live plant cover and the least amount of thatch, but the
- lowest total cover (live + thatch) and the most bare ground. Total cover (live + thatch)
usually exceeded 100% in the upland and margins because of layered canopy structure.
Vertical structure of this vege'tation could be described, therefore, as ranging from tall
and non-native to short and native.

An analysis of importance values in different habitats revealed only one native
plant with a high degree of dominance in the uplands; Vulpia octoflora var. octoflora
consistently had the highest value because of high relative cover. The next four most
dominant taxa in the uplands were all non-native, with Lolium multifiorum always having
the second highest importance value. Importance values in the margin habitat showed a
shift towards dominance by natives. This was especially true at the Cramer property,
where all five most dominant taxa in the margins were native and headed by Pleuropogon

californicus. Pools at Cramer are thus among the highest quality remaining on the Santa



"~ Rosa Plain and justify the use of Cramer vegetation characteristics as standards for

restoration. In contrast, only three of the top five dominants in pool margins at FEMA and
Haroutunian were natives. These margins were of lower quality than those at Cramer due
to dominance by Lolium muttiflorum, Convolvulus arvensis and Rumex crispus.
Consequently, these taxa become the highest priority targets for restoration activities
because they usurp resources for native taxa restricted to margins (e.g. Limnanthes
vinculans ). In contrast to the uplands and margins, all of the most dominant taxa in the
pool bottoms were native to California. The pool ﬁottom habitat across this portion of the
Santa Rosa Plain appears consistently dominated by the same native taxa and would not
require or justify intensive restoration efforts at this time.

All of the vernal pool characteristic (VPC) taxa encountered at the three properties
were found in the margin and pool bottom habitats. Dense swards of exotic annual

_grasses with simitar phenoiogy {(e.g. Lolium muiltiflorum, Bromus hordeaceus) may limit
the performance of VPC populations on the upland side of the margin. Consequently,
efforts to restore VPC populations on the Santa Rosa Plain should concentrate on
improving the quality of pool and swale margins, rather than pool bottoms. Reversing
degradation of the margins (e.g. lowering cover by exotics, reducing their talf-overstory
layer, decreasing thatch) is most likely to benefit VPC and other native taxa.

Limnanthes vinculans was the most widely distributed and abundant VPC taxon
on the three properties, both historically and in the spring of 1999. Limnanthes vinculans
was present in 80% of our blocks at Cramer but 0% of our blocks at Haroutunian (despite
its historical occurrence). Cramer also had highest subsample frequency among
properties (indicating a less clumped distribution), and the highest frequency of
occurrence in the top (upslope) quadrat (indicating greater intrusion into the margin-
upland transition). Increasing any of these parameters (live cover, density,
block/subsample/top quadr_at frequency) would indicate a successful manipulation for

restoring this rare plant.
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DEVELOPMENT OF THE SANTA ROSA VERNAL RESERVE SYSTEM.

Il. INSTALLATION OF A LONG-TERM RESTORATION EXPERIMENT AND
DESCRIPTION OF BASELINE VEGETATION

Bruce M. Pavlik, Ashley Fine, Jennifer Archbold and Tara O'Hanley

INTRODUCTION

The vernal swales and pools of the Santa Rosa Plain were once part of an
interconnected network of creeks, floodplains, and wetlands that drained west-
southwest towards the Laguna de Santa Rosa, a tributary to the Russian River. Over the
last 140 years, the hydrologic network of the plain has been fragmented by roads and
property lines, aitered by drainage channels, levees and irrigation, and degraded by
_runoff from farms and dairies. The vernal poois of thé Santa Rosa Plain also played an
important role in delaying runoff to the Laguna de Santa Rosa (and the Russian River),
thus providing natural filtration of runoff. Urban development and channelization of
“streams have reduced these benefits, thus exacerbating fiooding and water quality
problems. Cultivation brought orchards, vineyards and row crops, and introduced moré
than 100 species of competitive weeds to the remnants of wetland and upland
communities. Such rapid and significant changes, described in greater detail by
Patterson ef al. (1994a) and CH2M Hill (1995}, how determine the biological character
of the Santa Rosa Plain, especially affecting the abundance and distribution of native
species that occupy vernal pool and swale habitats.

During 1991-1995, the Santa Rosa Plain Task Force, (a coalition of federal, state
and local agencies, and local community groups) developed recommendations for the
preservation and.management of vernal wetland resources on the Santa Rosa Plain.
Implementation has been coordinated by California Department of Fish and Game
(CDFQG) and includes the U.S. Environmental Protection Agency (EPA), U.S. Fish and
Wildlife Service (USFWS), and the U.S. Army Corp of Engineers (ACE) along with local



.' partners such as the Sonoma County Agricultural Preservation and Open Space District
(SCAPOSD), Sonoma County Water Agency (SCWA), citizen environmental groups

- {e.g. California Native Plant Society, CNPS) and landowners (e.g. Sonoma County
Airport). The emphasis has been on the regulatory issues associated with development
within vernal pool areas and minimizing impacts through land acquisition. Although
acquisitibn began with the establishment of the Laguna de Santa Rosa Ecological
Reserve on Todd Road in 1980, now more than 18 separate properties, ranging in size
from 1 acre to 174 acres, have been placed under the regulatory auspices of the CDFG
in cooperation with local agencies, such as SCAPOSD and SCWA. The presence of
rthree plant taxa that are federally- and state-listed as endangered (Blennosperma
bakeri Hieser (Sonoma sunshine), Lasthenia burkei (E. Greene) E. Greene (Burke's
goldfields) and Limnanthes vinculans Ornd. (Sebastopol meadowfoam) has provided
additional incentive for preserving vernal wétland habitat in this region. The collection
of CDFG properties, extending from Windsor to Cotati, are now referred to as the Santa
Rosa Vernal Reserve System (SRVRS) in an effort to integrate their long-term
management (Pavlik et al. 1998). This will better ensure that our restoration research
helps meet the land management, water quality and fire control objectives of local
partners. -

Current efforts to préserve the vernal wetlands of the Santa Rosa Plain must also
take into account the effects of fragmentation, degradation, and invasion on bioclogical
diversity, even where habitat destruction has been stopped. For example, populations
of Limnanthes vinculans and Lasthenia burkei have apparently declined by several
orders of magnitude at the Todd Road Reserve (Figure 1, data from CDFG files, Paviik et
al. 1998) after removal of domestic livestock and no active vegetation management. L.
burkei may be effectively extirpated from the site (B. Guggolz, pers. comm. 5/98).
Invasive Mediterranean grasses and other weedy plants could be responsible

(Patterson et al. 1994a), especially when they develop dense, competitive swards in the



absence of grazing or periodic fire. Light- to moderate-levels of grazing and low-
intensity burns are generally thought to favor the maintenance of high native spécies
richness in grasslands around the globe {Meurk et al. 1989, Parker 1989, Rosentreter
1994, Schlising 1996, Fensham 1998, Muller et al. 1998, Davison and Kindscher 1999).
Mowing has also been shown to favor native perennial grasses over exotic annuals in
California (Danielsen 1996) and to increase species diversity in the chalk grasslands of
France (Fensham 1988). Reducing excessive inputs of nutrients, especially nitrogen
from crops and pastures, wouid also favor native perennial grasses over non-native
annual grasses (Claassen and Marler 1998) and possibly shift the "competitive balance”
back towards a higher diversity of less aggressive plant species (Wedin and Tilman
1896, Choi and Pavlovic 1998). There is, therefore, a clear need for site-specific
managemént prescriptions that lessen the effects of fragmentation, disruption,

7 degradation, and invasion, and thus conserve native plant species richness and
ecosystem integrity within the SRVRS.

The ﬁrst goal of the Santa Rosa Vernal Reserve System is to develop
management prescriptions for improving the habitat quality of native plant populations,
especially those of conservation interest. Such prescriptions require the preliminary use
of scientific-approaches and statistical analyses of outcomes. An experiment designed
to uncover limitations on population growth by implementing practical manipulations of
habitat quality can be a very effective tool for reintroducing a species or enhancing its
abundance or distribution {Pavlik 1994, Sutter 1996, Guerrant and Paviik 1998).
Treatment variables (e.g. controlled fire, selective herbicidés) are chosen according to
the best available information for the taxa in question. Field observations, greenhouse
studies, or inference from related ecosystems, provide testabie hypotheses for the first
round of trials. These initial choices may not be the most effective for restoring a
population or community, but the experiments will prdvide new information for choosing

other variables or treatments in subsequent rounds. Restoration is, therefore, an



iterative process that benefits from "failure" as well as "success” (Pavlik 1996) and
requires a long-term commitment to do the science required for developing
management prescriptions.

During the first phase of this project (Paviik et al. 1998) we met three major
objectives. First, we integrated CDFG properties into a single, scientifically-based
planning, management and public service system. Biological, logistical and security
information was collated into a database, using CDFG file records, property acquisition
documents, California Natural Diversity Database (CNDDB) records, and all availabie
“gray literature”, supplemented with field visits. We then suggested a system of short-
term management regimes that would help organize and prioritize restoration activities.
Each property was placed in one of four categories (experimental, ecosystem
enhancement, intensive care or quiescent) to guide management decisions over the
Dext 5 to 10 years. Finally, we designed an initial management experiment to provide
practical prescriptions for maintaining plant species richness and ecosystem integrity
with respect to vernal pools and swales. |

The second phase of this project {described herein) installs the first management.
experiment to determine the effects of mowing and phytomass (mostly graminoid)
removal. Mowing with phytomass removal (i.e. hay baling) is a practical, potentially
profitable management todl that couid improve native vegetation and water quality ;Jvhile
reducing fire hazard in many wildiand areas of the state. 1t was chosen as the first
treatment to be tested because it is easiest to do logistically (compared to replicated,
meso-scale controlled burns or grazihg) and because others have reported benefits to
native grasses and vernal pool plants (Danielsen 1996, Muller et al. 1998, Coliins et al.
1998, J. Menke pers. comm. 9/98, M. Waaland peré. comm. 5/98) throughout the state.
Anecdotal evidence suggests that local mowing on a regular basis (e.g. Sonoma
County Airport) minimizes annual grass cover and favors populations of native plants,

especially Lasthenia burkei (Pavlik ef al. 1998).
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This report describes the first installation of experiments for restoring vernal pools
and swales on the Santa Rosa Plain, including the foliowing major components: 1) the
use of mowing and phytomass removal as ecologically sound and practical
manipulations for shifting plant cover from exotic to native (for dominant species) and
from sparse to abundant (for rare species), 2) a description of the pre-treatment
vegetation of uplands, pool margins and pootl bottoms, and 3) an initial set of property-
specific prescriptions for intensive vegetation management that favors native plants over
exotics. Appendices to this report give additional information on the flora of the
permanent plots, field keys to difficult taxa, maps of the permanent plots and life history
characteristics of rare animals associated with these habitats to minimize coilateral

impact of restoration activities.

METHODS AND MATERIALS

Installation of the Primary Restoration Experiment:
Effects of Mowing and Phytomass Removal

Description of the Listed Plants of the SRVRS

A total of nine plant taxa of conservation concern are known from ephemeral
wetlands of the Santa Rosa Plain (CH2MHill 1995). These include three state and
federally-listed endangered species (Blennosperma bakeri - Sonoma sunshine,
Lasthenia burkei - Burke's goldfields, and Limnanthes vinculans - Sebastopol
meadowfoam), one state endangered and federally-proposed endangered subspecies
(Navarretia leucocephala ssp. plieantha - many-flowered navarretia) and five
uncommon and unlisted taxa (Downingia pusilla - dwarf downingia, Navarretia
leucocephala ssp. bakeri - Baker's navarretia, Perideridia gairdneri ssp. gairdneri -
Gairdner's yampah, Pogogyne douglasii var. parviflora - Douglas's pogogyne, and

Ranunculus lobbii - Lobb's aguatic buttercup). Of these, all but two (Gairdner's yampah
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~~ and Lobb's aquatic buttercup) could potentially benefit from restoration of pooi and
swale margin habitat (the yampah and buttercup utilize grassland and aquatic habitats,
respectively). The main focus of these restoration efforts, however, will be the three
listed plants, emphasizing the most abundant and evenly distributed; Limnanthes

vinculans (see Appendix F).

Limnanthes vincufans Ornd.

Limnanthes vinculans (Sebastopol meadowfoam - Limnanthaceae) is endemic

to vernal pools and their adjacent, moist grasslands in southern Sonoma and Napa
‘counties. Most populations occur in the Laguna de Santa Rosa watershed below 300 m
elevation (CH2MHill 1995). Of. the 18 properties currently included in the SRVRS
(Pavlik et al. 1998), Limnanthes vinculans occurred naturally on 13 (72%), with one
_recent apparent extirpation (Airport Wildflower Reserve) and one accidental introduction
(Alton Lane). Estimates of population size on a single property range from 106+
(Cramer) to as low as 102 (Crinella, Gobbi). These estimates should be regarded,
however, as mere guesses that disguise the difficulty and uncertainty associated with
attempts to "rough count" a species that grows in dense, tangled and often extensive
patches from a large, cryptic seedbank.

This fleshy annual, distinguished from the common L. douglasii by its small
number of leaflets (3-5 vs. 5-13, see Ornduff in Hickman 1983), may not germinate in
response to the first rains of the growing season (usually November). It is not easy to
confirm seedlings until late winter (February-March),'because of inundation and the lack
of distinctive vegetative features when small. The erect, paddie-like leaves often
protrude above the water surface along pool or swale margins, among the floating
leaves of Lasthenia glaberrima and Pleuropogén californicus. Stem production and
elongation occur rapidly in March and April, when the first floral buds appear. Peak

flowering is usually in early May, with subsequent fruit formation and senescence
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dependent upon the rate of soil drying. it is still possible to identify dried plants with -
fruits in mid-June, but these quickly shatter and assimilate into the grassy thatch. As
with all rare species, demographic studies are required to determine critical life history

events and measure vital rates of emergence, survivorship and fecundity.

Blennosperma bakeri Heiser

Blennosperma bakeri (Baker's blennosperma - Asteraceae) is endemic to vernal
pools and their adjacent, moist grasslands in Sonoma County. In the Laguna de Santa
Rosa watershed, the few known populations are found in the central and southern
portions of the plaih (CH2MHill 1995). Of the 18 properties currently inciuded in the
SRVRS (Paviik et al. 1998), Blennosperma bakeri occurred naturally on 7 (39%), with
two recent apparent extirpations (Simi and San Miguel). Estimates of population size
on a single property range from 109+ (Alton Lane, Haroutunian, Todd Road) to as low
as 101 (SW Santa Rosa Bank). At some properties the populations of B. bakeri have
been significantly suppiemented by pool creation/mitigation/salvage projects (e.g. Alton
Lane) while at others the populations have apparently declined for lack of management
(e.g. Todd Road). These estimates and trends should be regarded, however, as mere
guesses that disguise the difficulty and uncertainty associated with attempts to “rough
count” a species that grows in dense, ephemeral patches from a cryptic seedbank.

This erect annual is distinguished from the common B. nanum var. nanum by its
red stigma lobes {ray flowers only) and small number of leaf lobes (1-3 vs. 3-15, see
Ornduff in Hickman 1993). Its leaves are alternate, nbt opposite like those of Lasthenia
glaberrima which often shares the same habitat later in the season. Observations on its
vegetative phenology are lacking, but it may be one of the early germinating pool
margin plants of the Santa Rosa Plain because it is the earliest of the natives with
respect to floral anthesis. Flowers can begin opening in late February, with peak

flowering in March and early April. A small proportion of plants can continue to flower
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" into May, but these are scattered and difficult to find. As with all rare species,
demographic studies are required to determine critical life history events and measure

- vital rates of emergence, survivorship and fecundity.

Lasthenia burkei (E. Greene) E. Greene

Lasthenia burkei (Burke's goldfields - Asteraceae) is endemic to vernal pools
and their adjacent, moist grasslands in southern Lake and Mendocino counties to
northeastern Sonoma County. In the Laguna de Santa Rosa watershed, the majority of
the populations are found in the northwestern and central portions of the plain north of
‘Highway 12 (CHZMVHIII 1995). Of the 18 properties currently included in the SRVRS
(Paviik et al. 1998), Lasthenia burkei occurred naturally on 8 (44%), with one recent
apparent extirpation (Simi). Estimates of population size on a single property range
j_rcﬁm 108+ (Airport) to as low as 101 (Cramer). At some properties the populations of
B. bakeri have been significantly supplemented by pool creation/mitigation/salvage
projects (e.g. Airport, Alton Lane) while at others the populations -have apparently |
declined for lack of management (e.g. Todd Road). These estimates and trends should |
be regarded, however, as mere guesses that disguise the difficulty and uncertainty
associated with attempts to "rough count" a species that grows in dense, ephemeral
patches from a cryptic seedbank. |

This small, stout annual is distinguished from the common L. gfaberrima by its
free phyliaries and pappus awn (phylléries fused and pappus of scales only in the latter,
see Ornduff in Hickman 1993). Observations on its vegetative phenology are lacking.
Flowers can begin opening in late March, with peak flowering in April and early May.
As with all rare species, demographic studies are required to determine critical iife

history events and measure vital rates of emergence, survivorship and fecundity.
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Selection and Description of Experimental SRVRS Properties

Three SRVRS properties were chosen to represent a broad range of habitat
qualities found on'the Santa Rosa Plain; Cramer (174 acres, relatively unaltered pool
and swale system, mostly diverse native vegetation), FEMA (89 acres, hydrologically
altered pools and swales, extensive weed cover), and Haroutunian (30 acres, unaltered
swale system, mix of native and weed cover). All are located on Wright clay-loam soils
and have supported multiple Limnanthes vinculans (Sebastopol meadowfoam)

subpopulations.

Cramer (174 acres)

This large, topographically-complex parcel is widely regarded as the most
pristine and, therefore, the best reference site for restoration in the central Santa Rosa
Plain (C. Wilcdx, C. Patterson, pers. comm. 5/98). Numerous swales and shallow pools
with Limnanthes vinculans are relatively unaltered and rather evenly distributed across
the northern, eastern and southern portions, with extensive, interconnecting stands of
Pleuropogon. Cover by native vernal pool and wetland species is moderate to high, but
Mentha pulegium can be Iocally dominant and probably restricts the abundance of
Limnanthes vinculans and Lasthenia burkei. Estimates of population sizes of
Limnanthes vinculans range between 3,000 and 100,000 individuals (1988-1994),
while those of Lasthenia burkei tend to vary between 100 and 1,000 individuals (1988-
1993) (Patterson 1994a). The property apparently supports the largest singie
concentratio.n of Limnanthes vinculans in the county (CH2M Hill 1995). Other rare
species include Navarrentia leucocephala ssp. bakeri, Ranunculus lobbii, ahd
California Tiger Salamander. Uplands that separate the pools have pockets of
Dahthon_ia californica, Hordeum brachyantherum and, to a lesser extent, Nassella
pulchra. There is much cover by Erodium botrys, Avena, non-native Hordeurmn and

Lolium (sometimes greater than 1 m tall), especially in the west-central portion of the
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- property where dairy corrals may have held animals for long periods of time. The area
to the north of the northern drainage canal was disked in the past, and consequently is
weedier (Convolvulus arvensis) and flatter than the interior. A wetiand delineation
report {(Patterson 1992b) provides detailed descriptions of soils, vegetation, and
hydrology, including a map and inventory of all pools and swales, and a comprehensive
flora.

The size and complexity of this parcel, combined with the presence of many
subpopulations of Limnanthes vfnculan's, allow replicated experimentation with mowing,
grazing and possibly fire. Plots could be large and include both upland and swale

| habitats in areas with relatively high native cover (e.g. the north and central interior) and
areas with no native cover (west). The buildings on adjacent parcels (to the east and
south) are a good distance away from many swales and could easily be protected from
controlied burns. Access from the north and west is good, although the large stream
channels could restrict mower movements. In the future it may be expedient to build at
least one bridge across the northern canal to allow the mower easy access to more

interior portions of the property.

- FEMA (69 acres)

Located along the southeast quarter of the Santa Rosa Air Center (SRAC), the
FEMA parcel is largely comprised of annual grassland with scattered 'valley oaks (78%)
and semi-permanent marsh (12 %) (see "Map of Biological Resources...." in the FEMA
file at Yountville Fish and Game) . The vernal swales and pools support a modest,
occasionally large, population of Limnanthes vinculans (range of 1,000 to 10,000
individuals, 1990-1993, Patterson 1994a) in a well-developed matrix of Pleuropogon,
Eleocharis and Juncus. Other rare species include Pogogyne douglasii ssp.
parvifora, Ranunculus lobbii, and California Tiger Salamander. Mentha pulegium is

abundant within the wetlands. The uplands are dominated by exotic annual grasses,
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